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1. INTRODUCTION
1.1 PROBLEM

. There are presently no independent specifications to address special concerns of cast-
| in-place concrete inserts. General requirements for anchorage devices are contained in
California Departrﬁent of Transportation (Caltrans) Standard Specifications (10),
Section 75-1.03, Miscellaneous Bridge Metal. Section 75-1.03 was written for mechani-
cal expansion anchors which are quite different anchorage devices from cast—in-pldce
inserts. The minimum sustained tensile test loads épecified in this section were
developed for mechanical expansion anchors where creep of the anchor under.
sustained load is the main concern. There are no requirements in this section for
either a minimum tensile or shear sirength for cast-in-place inserts. Only limited
unverified data from mahufacturers have been available to designers, providihg little
éssurance'that their designs 1r}\rould be realistic. For combined shear and tension
loading conditions or for cases where inserts must be installed close to the edge of a
concrete struéture, limited design information was available. In addition some types
_of inserts are inappropriate for use by Caltrans, but are not excluded in the
lspecification. Thus, Section 75-1.03 is inadequate for cast-in-place concrete inserts.
Further, there has been no list of approved inserts from which contractors could

choose, and no appropriate test method by which concrete inserts could be evaluated.



‘1.2 OBJECTIVES

The bbjécﬁves of this'research project were to:

1. Determine the ultimate tension (pull-out), and ultimate shear strengths of two

| ‘common types (cas_f iron and ferrule loop) -from four popular brands of
cas.'t;in-place‘in'serts installed at various édgél;distartces. |

2 Deterﬁﬁne the ‘effect of a low cofhﬁréési’ve strength éonérete on the performance
of two sizes of the two types of inserts tested.

3. Défernﬁne the effect .of combined tension and shear loading on the performance of

_' inserts.

4 Prepare a test method by which cast-in—place inserts can be evaluated.

5. Prepare a comprehensive specxflcatlon from which the acceptablhty of cast-in-place
mserts can be determined. |

6. Provide a listing of the casf—in—placé inserts tested in this.p'roject which meet the
proposed specifications and Woﬁld be accepfable for use in future Caltrans
contracts. o

7 .D'evelop coﬁlprehensive giﬁd‘elinés'for designers to follow when inserts are

required.



.' 1.3 Background

1.3.1 General

Cast-in-place concrete inserts are commonly used to permanently anchor ﬁxtureé to
the surface of new concrete structures. They may also be used for attaching
temporary bracing or construction equipment for lifting and moving prefabricated
concrete structural components during construction. Since these inserts are instailed
in fresh concrete only, their use requires the knowledge of the exact location prior to
concrete placement. To install these types of inserts, they are either attached securely
to formwork prior to placing concrete, or wiggled into the fresh concrete in the
proper position on exposed surfaces before the concrete begins to harden. For
temporary construction applications, inserts must be set 1 inch below the surface of
the concrete. For permanent installations, inserts may be either set flush with the

surface of the new concrete or recessed slightly by using plastic or steel adaptor

plugs.

At the time the research proposal was prepared, a literature search was performed to
determine if a suitable specification for cast-in-place inserts was already available. No
comprehensive specification or reports on previous research were found. A listing of
all known manufacturers and companies marketing cast-in-place inserts in the United
States was obtained and brochures and catalogs were requested from each
manufacturer. Literature and samples of inserts were requested from manufacturers.

It was determined that three basic types of cast-in-place inserts, ferrule, cast, and coil

were readily available.



132 Claséi.fyiﬁg’ Different Types of Cast-In-Place Inserts
More than 50 inserts from six major companies Acme, Burke, Dayton Superior,
Richmond,; Star, and Williams were classified by general appearance and

~ characteristics. The inserts were grouped into the following three categories:

- 1. Ferrule Inserts.

A steel sleeve (ferrule) with ribs machined on its outside is tapped to accept
Universal National Coarse .(UN C) threads. High-strength reinforcing wires bent in
various 'conﬁgufations are resistance welded to the steel ferrule to help distribute the
load to the concrete. The various types of ferrule inserts (distinguished from one
another by ﬂ;e diffefent configurations of the high-strength wire resistance welded to

the ferrule) are shown in Figures 1, 2, 3 and 4 and are as follows:

“Plain “This insert, Figur‘e-l, consists of only the ferrule itself. No reinforcing wire
is used to carfy the load. The ferrule is tapped with UNC threads. The end

opposite the tapped end is closed to prevent entry of fresh concrete.

Thin'slab This type, Figure 2, is produced by resistance welding either struts or
loéps to the sides of the ferrule in a plane perpendicular to the axis of the bolt.

This type of insert is used where the depth of embedment is extremely limited.



Figure 1. Figure 2.
Plain Ferrule Insert Thin Slab Ferrule Insert

Figure 3. Figure 4.
Ferrule Loop Insert ~ Expanded Coil Ferrule Insert



Loop Ttns type of ferule'inaert, Figure 3, is produced by resistance welding a

single loop to the ferrule sides in a plane parallel to the axis of the bolk.

Expanded coil This type, Flgure 4, is furnished with either two or four struts
welded to the ferrule in a plane parallel to the axis of the bolt Welded to the
lower inside portion of the struts is an expanded helically wound coil of wire.

Because of the limited use of this anchor type, it was not tested in this study.

;- 2 Cast Inserts

These inserts are manufactured from grey cast iron, ductile cast i on, or zinc alloy,
and are cast in various shapes and tapped to accept UNC threads. Various types of

 cast inserts are shown in Figure ﬁisand are as follows:

Grey cast iron Inserts made from grey cast iron should not be used as anchorage
devices which will be subjected to shock or vibratory loads, as this type of cast
iron is weak in tension and i is brittle. No grey cast-iron inserts (Figure 5-a) were

- tested as this type is not permitted for use in Caltrans contracts.

Ductile cast iron Ductile cast iron possesses inherent virtues, such as good

machinability, corrosion resistance, wear resistance and reasonable ductility; it
provides a good alternative material for insert use. According to present

requirements in the Caltrans Standard Special Provision 75.50, cast iron inserts



must be either malleable cast iron conforming to ASTM Specification of
designation A47, Grade 35018, or ductile cast iron. A typical ductile cast iron

insert is shown in Figure 5-b.

Zinc alloy The die-cast zinc alloy inserts (Figure 5-c) are not permitted to be used
in Caltrans contracts because of the potential problem of galvanic action between
dissimilar metals - the insert body and the steel bolt. Thus, no further evaluation

of this type of insert was considered.

3. Coil Inserts

These are typically comprised of a helically wound coil of wire which acts as a "nut".
High-strength reinforcing wire bent in various configurations is resistance welded to
the coil nut. This insert (Figure 6) requires the use of special bolts or rods having
threads shaped to fit the contour and diameter of the wire frém which the coil nut is
formed and will not accommodate bolts or rods with standard national coarse
threads. Although coil inserts are frequently used for formwork, they are not
acceptable for permanently atfac:hing fixtures to structures. Coil inserts were not

tested in this research project and no further evaluation of these insezts was done.

Different categories of cast-in-place inserts and various types of inserts within each

category are summarized in Table 1.

Only the two commonly used inserts, steel ferrule with a steel wire loop resistance



(a) Gray Cast-Iron Insert (b} Ductile Cast-Iron Insert
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(¢) Typical Die-Cast Zinc Insert -

Figure 5. Typical Cast Insert

Figure 6. Typical Coil Insert



welded to the ferrule {ferrule loop insert) and the cast-iron threaded insert made of
ductile cast iron, were chosen for evaluaﬁon in this research project and, because of

the limitation of time and funds, other types of inserts were not tested.

Table 1. Types of Cast-In-Place Concrete Inserts

Category Type

. Plain

Ferrule Thin Slab
Loop
Expanded Coil

Thin Slab
" Loop
Coil Single Lift
Coil Tie
Expanded Coil

Grey Cast iron
Cast Ductile Cast iron
Die-cast Zinc Alloy







2. Conclusions

The following conclusions were drawn from the results of this research project:
| 2.1 Standard Test Method and Standard Speéification

2.1.1 Standard Test_ Methbd

A comprehensive standard test mefhoc_i California Test 682, titled "Method for
Determining Ultimate Tensile Strength of Cast-In-Place Concrete Inserts” was written
and is included in Appendix G. The key sections of the test method necessary to

obtain consistent, reliable results are:

1. Preparation of test specimens, installation procedure, minimum edge distance, and
minimum spacing.

2. Test procedure requirerhent of applying recommended torque, loading rate, and
data recording.

3. Specific requirements for the use of unreinforced concrete to prepare test
specimens.

4. Acceptance criteria which require the successful results from a minimum of three
replicate test samples of any one of insert brand and size. Conditions which would

allow for retesting of an insert which initially failed are also detailed.

10



| 212 Revised Standard "Sj;ecificat\ion_

Recommendations to revise sectldn 75-1 03, "Mlscellaneous Bndge Metal,” of January
1988 version of Caltrans Standard SPElelCEIﬂOIIS (10) were made (11) based on the
results of this research and the extensive metallurgical evaluation of cast-iron inserts
done by Charles B. Kendrick .(6). The recommended specification with appropriate

revisions which relates to cast-in-place inserts is contained in Appendix H.
2.2 Insert Classification

Although many types of cast—in-place concrete inserts are available, only two
‘common types, ferrule loop and cast iron are allowed for use by Caltrans as specified
in the Caltrans Standard Spec1al Provisions B75.50, Miscellaneous Bridge Metal, 10-18-

88, (11)
2.3 List of Approved Cast-In-Place Inserts

Based on the results of tests conducted in thls research pro;ect a list of inserts which
were tested in this project and comphed w1th the standard special provision for cast-
in-place inserts ('A'pp_endix H) is included in Table 2. Only 1/2" and 1" inserts
(ferrule loop and cast:’i;bn) were tested in tﬁis projéct. 'i"he intermediate sizes were
approved based on the manufacturers test results and the results of tests on 1/2" and

1" inserts done in this project.

11
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2.4 Direct Tension Tests (5000 psi concrete)

Test results showed that the ultimate tensile capacity of 1/2" ferrule loop inserts cast
in concrete were very close to the ultimate tensile capacity of the inserts when tested
directly: In all cases either the loop wire or the weld failed with a small tension cone

of concrete. -

The_ ten;ile caoacity of 1" ferliuie loop inserts cast ifi concrete were mueh larger than
th‘e'l.ﬁlﬁniate' tensile capacity of inserts when tested directly. This is due to the larger
ferrule embedded into concrete The fallure mode was a larger cone with either a
weld ora 100p fallure In general there was not a large variation in the ultimate loads
for dlfferent brands of ferrule Ioop inserts tested The ultimate loads also did not
depend _on the orientation of the loop relative to the edge of the concrete slab. The
ultirﬁate ’teﬁsile loads for different brands of /2" cast-iron inserts were close, and the
mode of failure for both the 3" and 6" edge distances was a tension cone with either a
weld or a loop failure. However, for the 1" cast-iron'insert there was a large
difference i in the ultlmate loads (Dayton Supenor was about 40% lower than the other
brands). The mode of fallure was a ten51on cone,’ however in most cases wuh a 12"
edge dlsfance, the Burke cast-iron insert failed at the threaded part. Plots of ultimate
tensile load versus edge distance showed that the ultimate tensile load increased as

the edge distance inw'creased.

13



2.5 Direct Shear Tests (5000 psi concrete)

In general there was not a large variation in the ultimate shear loads for different
brands of ferrule loop inserts. The mode of failure for the 1/2" ferrule loop at 3" edge
~ distance and for the 1" ferrule loop at 6" edge distance was a shear cone. With the
1/2" ferrule loop at 6" edge distancé, the threaded stud failed and with the l"-ferrule

loop at 12" edge distance, a large shear cone developed.

The variation in the ultimate shear loads for different brands of 1/2" cast iron was
not very large, however, for 1" inserts there was a significant difference. The mode of
failure for 1/2" cast iron at 3" ecfge distance and for 1" cast iron at 6" edge distance
was a shear cone. The 1/2" cast iron at 6" edge distance failed in the threaded stud
and for the 1" cast iron at 12" edge distance either a shear cone or failure of the

threaded portion of the insert occurred.

The ultimate shear loads of all inserts installed at manufacturer’s recommended edge
distances (1/2" inserts at 6" and 1" inserts at 12" edge distance) were greater than the
ultimate shear load of an A307 bolt. Plots of ultimate shear load versus edge distance
showed that the ultimate shear load increased as the edge distance increased.

2.6 Direct Tension and Shear for Low Strength Concrete

The ultimate tension and shear loads of the inserts in 3500 psi concrete were mostly

14



. 1

lower than those of 5000 pSl concrete. The plot of ultimate load versus square root of

. concrete strength, ./F¢ showed a linear relationship.

2.7 Direct Tension and Shear Tests of Inserts with Different Corrosion Protection

Coatings

The resuits of a very limited numbér of tests performed on inserts with different
corrosion protection coatings showed that thé ultimate tensile and ultimate shear
..capacity' of hot-dip galvanized ferrule loop inserts were about 20% and 10% lower
 than thosé of the plain insert (insert with no coating), ré;pecﬁvely. Howéver; due to
the vefy limited number of tests éohducted, reliable conclusion can not be drawn

from the results.

2.8 Combined Tension and 'Shear Loading Tests

Test résul't_é showed that the ééﬁaﬁon'fecommended 'by Prestressed Concrete
Institute, PCI (8) is 4 better approximation than the American Institute of Steel

‘Construction, AISC (7), equation for the combined tension and shear loading of the

inserts tested in this project, Figures 32, and 33 section 6.
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2.9 Insert Tests

2.9.1 Corrosion Test

Since little or no corrosion was observed on the inserts tested, it appeared that the
1000 hours salt spray test was an insufficient amount of time to observe a significant
amount of corrosion on the inserts.

2.9.2 Direct Tension Tests of Ferrule Loop Inserts

Test results showed that the strength of the weld between the wire and the ferrule

was adequate for 1/2" inserts; however, weld failure was observed in all 1" ferrule

loop inserts tested.
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3. Recommendations
3.1 Adoption of a Revised Standard Specification and Test Method

The California Test 682 (Appendix G) and the modified standard siaecification,
Section 75-1.03 (Appendix H) should be adopted by Caltrans for testing and
evaluating cast-in-place concrete inserts. Only cast-in-place inserts satisfying the

criteria in the revised Caltrans Standard Specification Section 75-1.03 should be used.
3.2 Recommended Types of Cast-In-Place Concrete Inserts

It is recommended that only two types of inserts, cast-iron and ferrule loop, be
allowed for use in Caltrans projects, with appropriate corrosion protection, as

specified in the revised Caltrans Standard Specification, Section 75-1.03 (Appendix H).
3.3 Design Loads for Cast-In-Place Concrete Inserts

Based on the results of tests performed in this project and the manufacturers’
recommended values, shear and tension design loads were determined under static
loading conditions. Based on the manufacturers’ recommendations a safety factor of
" 4:1 has been used for ferrule loop inserts, and for cast iron a safety factor of 3:1 has
been used. Table 3 contains the design loads for the rrﬁnimum edge distance

~ recommended by the manufacturers. To determine the design loads for other edge

17
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 distances the ultimate loads from Table 4, section 6 can be used with safety factors of

4:1 and 3:1 for ferrule loop and cast-iron inserts respectively.
4. Implementation

It is the responsibility of the Caltrans Office of Structure Design to implement the
‘recommendations of this research. Recommended changes to the current specification

in Appendix H will be implemented by the Specifications Unit of the Office of

Structure Design. California Test 682 (Appendix G), a standardized test procedure by
" which the ultimate tensile strength of cast-in-place insérts‘can be evaluated, has been
written and submitted for publication. Revisions to the current Memo to Designers

(12), will be made by the Office of Structure Design with assistance from the Office of

* Transportation Materials and Research (OTMé&R).
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5, Test Conditions
5.1 Testing Program

The following are the type of tests conducted in this project:

1. Short-term direct tension tests with inserts installed at various edge distances for
each insert type. |

2, Short-term direct shear tests with inserts installed at various edge distances for

- each insert type.

3. Combined tension and shear loading tests with inserts installed at various edge
distances for each insert type.

4, Short-term direct tensiop., and shear tests to determine the effect of low
cbmpressive strength concrete on the performance of each insert type.

5. Short-term direct tension and shear tests to determine the effect of various
corrosion resistant coaﬁngs on the performance of each insert type. |

6. Corrosion tests (1000 hour salt fog spray - ASTM B177) on inserts cast in concrete
to determine the performance of various corrosion protection coatings.

All tests were conducted by the Structural Materials Research Unit of the Structural

Materials Branch of the Caltrans Office of Tfansportaﬁon Materials and Research in

Sacramento, California.
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N 52Test Sﬁ'eéim,ens |
' 5.2;1 Cast-In-Place Concrete Inserts
5.2.1.1 Description of Inserts

| Cast—in4plaee ir.\sert'sl'froru‘ four ef the rnajor merlufacturers were evaluated in this
resear‘ch study. The manufacrurers were Acme (now Meadow Steel Products), Burke,
Dayton -Superior,' aud Ri.-chmonc.l.A Two types or inserts were chosen to be tested, the
steel ferrule loop and the ductile cast-iron. Acme only manufactures the ferrule and
coil type of insert; therefore only the Acme ﬁ-SOO -and FL-100 ferrule loop inserts
(Figure 7) were tested. Burke only sells ferrule loop inserts that are manufactured by

' other compames {Acme, Dayton Superior, etc) therefore only the Burke Hi-Tensile
cast-iron inserts (Flgure 8) were tested Inserts manufactured by Dayton Superior that
rwere tested were the F-42 ferrule loop (Flgure E), and the F-5 Threaded Insert (Figure
10) cast-iron insert. The Richmond LF type of ferrule loop (Figure 11) and the

Hi-Tensile cast-iron (Figure 12) inserts were tested.
5.21.2 Installation of Inserts
All inserts were installed in small unreinforced concrete slabs according to

manufacturer’s instructions. Inserts were installed at the manufacturer’s

recommended minimum edge distance and also at half that distance. A minimum

21



Figure 7. ACME Ferrule Loop Insert
FL.500 Stud Diameter 1/2"
FL100 Stud Diameter 1"

Figure 8. Burke Hi-Tensile Cast-Iron Insert
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Figure 9. ﬁé’)}f&nfls}uperior‘ Ferrule Loop Ins__eri (F-42)

o Figure 10. D'ayton Superior Cast-Iron Threaded Insert

{l{©

TypeLF. .

Figu_re 11, Richmend Ferrule Loop Insert

Figure 12, Richmond Rocket Cast-Iron Insert
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spacing of 3.4 times the embedment depth was provided. Plastic setting plugs were
used to secure the inserts to the bottom form of the concrete test slab. The setting
plugs were nailed in the proper position to a sheet of 3/4" plywood that was placed
in the bottom of the forms. The forms were then sprayed with a form release agent.
Before inserts were threaded onto the setting plﬁg, white grease was applied to the
insert’s internal threads to insure easy disassembly and to help prevent seepage of
concrete paste into the insert cavity. After the inserts were threaded onto the setting
plugs, a final check was made to ma_ke sure that the inserts and setting plugs were
fastened securely. While vibrating the concrete during the pour, care was taken not to

displace the inserts.

5.2.2 Concrete Slabs

The ready-mix concrete used for all test slabs was obtained at a local batch plant and
transported approximately six miles by a concrete mix truck to the OTM&R where
the test slabs were cast. The aggregate used, Fair Oaks river-run, conformed to the 1"
maximum grading in Section 90-3.04, "Combined Aggregate Gradings" of the Caltrans
Standard Specifications (10). Inserts were installed in 3’ x 8 / unreinforced concrete
slabs. Slab thickness varied with the stud diameter of the insert. For all 1/2" diameter
inserts, 8" thick slabs were used and for 3/4, and 1" diameter inserts, test slabs were
15" thick. The concrete used throughout the project was the Caltrans "Class A" which
contained 564 pounds of Type I Modified portland cement per cubic yard (6-sack

mix). The mix was designed for a 3" slump. All test slabs were cured according to
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the reéﬁrétﬁénté’éf CaltransAStandard Spécificaﬁans Section 90-7.03 "Curing
Structures" (10) by 5préﬁng concrete curing compound (chlorinated rubber) on the
| 'top surface of the slabs. Whilerf)o.uri'ng the test slabs, twenty- eight 6" x 12" concrete
cylihders were made ahdb cﬁred with the slabs in accordance with ASTM C39 (1) for
- determining the compressive Sfrength of the concrete. After 14 déys, the forms were
removed and the $labs were turned over. The concrete cylinders were tested after 7,
14, 28 days and until the required compressive Strength was reached. The average

' compressiire strength of test slabs at each age was obtained by testing two test
cylinders. The compressive strei{gth of concrete a't the time of insert testing for all
tests (except for tests with low strength concrete) was between 4550 and 5800 psi. For
tests performed in low strength concrete, the compressive strength at the time of

B insért teStipg was between 3250 and 4259 psi.
53 fesﬁng ]_Efﬁuil.Jmen't .am;l Procedure
o 531 ‘SAho_rt-’i'erm Direéf'Tehsioﬁ Tests
| 5311 Test ﬁquii)inent
A schematic bf the tension testiﬁg apparatus is shown in
Figure 13. As show?u aimovable frame supported the loading ram and load cell. The

movable frame rested on an interchangeable base bearing ring. A base bearing ring

with a radius greater than 1.7 times the embedment depth, ED, of the insert was used
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Figure 13. Portable testing apparatus for conducting short-term
ultimate tension load tests.
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to prevent interference with the concrete failure. A 120-kip single- acting ram was
used to apply tensile load to the insert. To eliminate transfer of bending moment
during loading, a swivel assembly (Figure 14) was used to connect the insert to a pull
rod which extended through the loadixllgl‘ra_m' and .loa.d_ cell and was locked off with a
nut and washer, The insert was loaded through a load collar which simulated a base
plate, Thélc')ad collar was held firzﬁly against the concrete by applying the
manufacturer’s recbmme_nded torque to the bolt. A special fixture was attached to the
load collar for rﬁbunting fwo linear _potenﬁometers for displacement measurements
(Figure 14). The ends of the pofénti(')metex_"shafts x.r\"rére' placed on metal pads located
on the concrete surface to providel a stable and smoéth surface for displacement
measurements. The accuracy of the potentiofnéters was + 0.001". The two
potentiometer outputs were electronicall_y averaged énd plotted as one value on the
XY recorder along with the é&res?onding tensile load obtained from the load cell.

On a second XY recorder, the tensile load versus time was plotted.
5.3.1.2' Test Procedure

After fhe concrete reached the required strength, setting plugs were removed (setting
plugs were left in the insert until testing to prevent water and dirt from entering the
insert bavity). After removing the setting plug, a threaded rod (ASTM - A307) was
fully screwed into the insert. The load collar was then placed over the insert and was
tightened against the concrete surface using a washer and nut. The nut was torqued

according to the manufacturer’s torque requirement or as described later in California
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Figure 14. Expanded view of the swivel joint ésSemny on the portable testing
apparatus for tension tests
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| '_’Te's‘;t 682,Method forDetermmmg Ultimate Tensile Strength of Cast-In-Place Concrete
Inseffs (Appendix C). .'I'he tension test machine was then assembled over the insert.
Before attaching the swivel assembly to the load collar, the potentiometer fixture was
carefully attached to the load collar, and the steel pads were placed under the shafts
of the potentiometers. All the Wires ﬁere connected as shown in Figure 15 and
recorders were zeroéd. The insert was then préloaded to about 5% of the estimated
ultimate load to remove slack from the test asseinbly’.' At this time the insert was
loaded to failure at one of ﬂ}e following rates: 1/ 2 inserts, 2.5 kips per second; 3/4"
| inserts, 2.8 kips per second; and 1'; inserts, 3.15 kips per second. These rates of
loading were determined based upbn ASTM E488-76 (2), Tests for Strength of
Anchors in Concrete and Masany Elements. However, the rate of loading in the
California Test 682 has been lowered to correéﬁond to ASTM E488-88 (3). A tension

test setup is shown in"jf_"ig_ure 16.

The same test eqixipmeﬁfand procédures' were used for low strength concrete tests

and for inserts with different corrosion protéctioncoatings.

Five 'repli‘cat; ‘tes;ts.= ;were -pejrformed at eﬁcﬁ edge diétancé for each manufacturer.
Ferrule loop‘ inserts had three replicéte tests with the wire loop oriented
perpendicular to the edge of the concrete and two with the wire loop oriented
parallel to the edge. The same orientation was applied to any cast-iron insert where it
was applicable. The inserts were tested to determine the ultimate loads and the effect

of the insert orientation in short-term tensile pullout. The following information was
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Figure 16. Tension test setup
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recorded for each test: test number, date of test, type of insert, insert size,
manufacturer, type of threaded rod, edge distance, insert orientation, type of loading,

loading rate, preload, torque, concrete strength, and type of failure.
5.3.2 Short-Term Direct Shear Tests
5.3.2.1. Test Equipment

The apparatus used for shear tests is shown in Figures 17 and 18. It consisted of a
three-piece adjustable steel frame, a pull rod, a hydraulic ram, a load cell to measure
the load, and two potentiometers to measure the displacement. A 120-kip single
acting ram was used to load the inserts in direct shear. The loading ram and load cell
were supported on a plywood platform resting on the forks of a small hand operated
forklift (Figure 18). The adjustable frame consisted of two L-shaped legs, positioned
and clamped against the concrete edge, an equal distance from the insert (one on
each side of the insert), and a crossarm, sitting on angle supports welded to the front
of the two legs. The crossarm provided a bearing surface for the hydraulic ram to act
against. The pull rod extended through the crossarm, hydraulic ram, and load cell

- and was locked off with a nut and washer. A steel shear plate with a replaceable
threaded bushing was welded to the end of the pull rod (Figure 19). The steel shear
baseplate was held firmly against the concrete. Two linear potentiometers with an
accuracy of + .001" were attached to the shear baseplate to measﬁre the displacements

during loading. A heavy steel block was used as a reference for measuring
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Figure 19. Top and side view of shear machine baseplate
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displacements. The two potentiometer outputs were electronically averaged and
plotted as one value on the XY recorder along with the corresponding shear load
obtained from the load cell. On a second XY recorder, the shear load versus time was

plotted.
5.3.2.2 Test Procedure

After the concrete reached the required strength, setting plugs which were left in the
insert to prevent water and dirt from entering the cavity of the insert were removed.
Then, a high strength threaded rod (ASTM - A193B7) was screwed into the insért
until it bottomed out or a minimum of one stud diameter thread engagement was
reached. The shear plate was then placed over the insert and was tightened against
the concrete surface using a washer and nut. The nut was torqued according to the

manufacturer’s torque requirement.

The shear test machine was then assembled as shown in Figures 17 and 18. The
heavy steel block was moved up to the potentiometers until they were fully
compressed and then backed off about 1/8 to 1/4". All the wires were connected and
the recorders were zeroed. The insert was then preloaded to about 5% of the
estimated ultimate load. At this time the insert was loaded to failure at one of the
following rates: 1/2" inserts, 2.5 kips per second; 3/4" inserts, 2.8 kips per second;
and 1" inserts, 3.15 kips per second. These rates of loading were determined based on

ASTM E488-76, Tests for Strength of Anchors in Concrete and Masonry Elements (2).
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A ‘Shearrl test' setup is-shown in Figure 20.
Ty !

The same test equipment and procedures were used for low strength concrete tests

and for inserts with different corrosion protection coatings.

Five replicate tests were performed at each edge distance for each manufacturer.
Ferrule loop inserts had three replicate tests with the wire loop oriented
perpendicular to the edge of the concrete and two with the wire loop oriented

| parailel. The same orientation was applied to any cast-iron inserts where applicable.
Inserts were tested to determine ultimate loads and the effects of insert orientation in
short-term shear tests. The following information was recorded for each test: test
number, date of test, type of insert, insert size, manufacture, type of threaded rod,
edge distance, insert orientation, type of loading, loading rate, preload, torque, |

concrete strength, and type of failure.

5.3.3 Combined Tension and Shear Loﬁdin‘g Tests

5.3.3.1 Test Equipment

The apparatus used for combined shear and tension tests is shown in Figures 21, 22,
23. The apparatus consisted of a four-piece adjustable steel frame, two pull rods, two

hydraulic rams, two load cells to measure the tension and the shear load, and four

potentiometers to measure the tension and skear displacements. The adjustable frame
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Figure 20. Shear test setup
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consisted of two L-shaped legs, positioned and clamped against the concrete edge,
each an equal distance from the insert (one on each side of the insert), and two
crossarms, one for tension and one for shear. The tension crossarm, which was
supported by two rollers, one on eaeh'side of the arm (Figure 21), supported the
tension loading ram and load cell. 'Ihe rollers elloWed the tension assembly to move
horizontally, parallel to the direction of shear, lwith very little effort. The adjustable
shear crossarm was bolted to the front of the two legs and supported the shear
Ideding ram and load cell. A'::'IZO-kip singl.e'aeting ram was used to load the insert in
tension and a 75-kip smgle actmg ram was used to Ioad the insert in direct shear. The
shear pull rod extended through the crossarm, hydrauhc ram, and load cell and was
locked off with a nut and washer. A steel loadmg plate with a replaceable threaded
bushmg was welded to the end of the pull rod. If the bushing became damaged, it
was replaced, thus-providing the same pull plate conditions for each test. The steel
shear plate was held firmly against the concrete by torqumg the threaded stud to the
manufacturer’s recommended value. The ten51on pull rod was also attached through
a swivel joint to the shear plate and extended through the crossarm, hydraulic ram,
and load cell and:was locked off with a nut and washer (Figure 23). Four linear
pdfentiometers were attached to the loading plate 50 that displacement readings in
the horizontal and vertical directions could be obtamed Two of the four
potentiometers were used to measure dlsplacements in the vertical direction, and
two measured displacements in the horizontal direction. A heavy steel block was
used to provide a stable and smooth surface from which horizontal displacement

readings could be referenced. Two metal pads placed on the concrete surface
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proﬁde’d a stable 'énd smodtl{:;ﬁ‘rfacé to reference verﬁcal displacements. The pads
were coated with é_ light oil to allow horizontal movement of the potentiometers. The
outputs of thé two potentiometers in ea;:h direction were electronically averaged and
plotted along with the correspondmg tension and shear loads using two XY
recorders. Graphs of tenswn and shear load versus tlme were plotted on another XY

‘recorder. A Campbell 21X data logger was also used to store the data during the test.
5.3.3.2 Test Procedure

After the concrete reached .th"e required sirength, setting plugs which were left in the

insert to prevent water and dirt from entering the insert were removed. Then, a high

ls'trength threaded rod (ASTM - A193B7) was screwed iﬁto the insert until it bottomed
out or a minimum of 1" thread engagernent was reached. The shear plate was placed

over the insert and was tightened against the concrete surface using a washer and

nut. The nut was torqued accordmg to the manufacturer’s torque requirement.

The comblned tels-f.rr'l.'-acﬁﬁ;é was then assembled as shown in Figures 21 and 22. The
heavy steel block was moved up to the P.;)tentiometers until they were fully
compressed and fhen backed off about 1/8 to 1/ 4". All the wires were connected and
~ the recorders were zeroed. The iﬁsert was. preloaded in tension and shear to about
5% of the estiinated ultimate loads. The insert was then loaded in tension to about 25,
50, or 75% of the ultimate tension load. Then, while the tension load was held

constant, the insert was loaded in shear to failure at one of the following rates: 1/2"
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#

inserts, 2.5 kips per second; and 1" inserts, 3.15 kips per second. These rates of
loading were determined based on the ASTM E488-76, Tests for Strength of Anchors
in Concrete and Masonry Elements (2). A combined test setup is shown in Figure 24.
Theoretically the load path to failure should not affect test results, i.e., the same
results are expected if the shear load is constant and the insert is loaded in tension to
failure. However, because of the nature of the testing _machine it was decided to hold

the tension constant and load the insert in shear to failure.

Three replicate tests were performed at each edge distance for each type of insert
tested. The following information was recorded for each test: Test number, date of
test, type of insert, insert size, manufacturer, type of threaded rod, edge distance,

type of loading, loading rate, preload, torque, concrete strength, and type of failure.

534 Direct Tension Tests of Ferrule Loop Inserts

A total of fifteen direct tension tests were performed on the Dayton Superior,
Meadow Steel (ACME), and Richmond 1/2" and 1" ferrule loop inserts. Direct tension
testing of these inserts was performed to determine a representative average ultimate

strength and mode of failure.

The cast-in-place insert was braced laterally (Figure 25), to prevent transfer of shear
to the weld between the wire and the ferrule. An A307 steel threaded rod was fully

screwed into the ferrule loop insert. This assembly was installed in a universal



Figure 24. Combined tension and shear loading test setup

o

45



SLJ4ASNI dOO0T FTNHY34 4O ONILSTL NOISNIL 1234 "SZ 3d4N9Id

~ifl——— P00 uoisus| peiddy

poddng Bujonug [04ej07

PIaM mo__E

.

Ll d L L
ek kL

L
j

pmiS papoeiyy

v
AN

~<aff——— pDO] uocisus| pajddy

-

46



tension testing machine (Figure 26) and the insert was then loaded at 3000 1b/min

until failure occurred. The ultimate load and the mode of failure were recorded.

5. 3. Corrosron Tests

Elghteen 1/2-in. ferrule: loop and cast iron cast—m-place inserts, manufactured by the
Rlchmond Screw Anchor Company, were tested for corrosion. These inserts were
separated into four groups depending on the various types of corrosion protection

coatings: plain; zinc plated; stainless steel; and galvanized.

The Caltrans Class A concrete (564 lbs of cement per cubic yard) was poured into 6"
x 8" plashc cyhnders The 1nserts were wxggled into the fresh concrete in the proper
posmon on the exposed surface before the concrete began to harden. The cylinders
were stripped seven days after pourmg At this time a 1/2" diameter hot-dip
galvamzed A307 threaded rod'was fully screwed into the insert. A 1/4" x 6" x 6" steel
plate, a washer, and a nut, all hot-dip galvanized to ASTM A153 specifications (4),
were also attached to the inserts (as shown in Figure 27) prior to placement in the

salt spray (fog) chamber.

The total test assembly was then subjected to a salt spray (fog) test ASTM B117 (5).
To prevent water from accumulating on any part of the assembly, the specimen was
placéd at a 30-degree 'angle (from the vertical plane) in the test chamber. One

cylindér from each group was extracted from the salt spray (fog) chamber at 250

47



Figure 26. Tension test setup of ferrule loop
insert.
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hours and 500 hours, and split open to determine the extent of corrosion of the insert.
At the end of 1000 hours, the remaining cylinders were removed, split open, and

examined for traces of corrosion.
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6. Test Results
6.1 Direct Tension and Direct Shear Tests

Direct tension and direct shear tests were conducted using 5000 + psi concrete and
also using a 3500 + psi concrete (for use of inserts where the load is applied before
the concrete reaches its full strength). Direct tension and direct shear tests were also

carried out using inserts with different corrosion protection coatings.
6.1.1 Test Results With 5000 psi Concrete

The results of direct tension tests are shown in Figures B-1 through B-24 in Appendix
B.

The results of direct shear tests are shown in Figures C-1 through C-24 in Appendix
C.

Table A-1in Appendix A is the summary of test data for tension and shear tests. As
shown on the graphs and Table A-1, compressive strength of the concrete varied
from 4550 to 5800 psi. In order to compare the test results, the average ultimate loads
obtained from the plots of load versus displacement were normalized to correspond
to a compressive strength of 5000 psi. The following equation (8) was used to
normalize the data:

where S is the average ultimate tension or shear obtained from the test results, £'c is
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the compressive strength of the corresponding test slab, and S, is the normalized

value of tension or shear corresponding to a compressive strength of 5000 psi.

Table 4 is the summary of average ultimate loads (tension and shear) of cast-in-place
| concrete inserts nbrmaliz‘ed to a compressive strength of 5000 psi after disregarding
results which were either Iafger* or smaller than one standard deviation from the
original average.,Different.'modes of failure are also shown in Table 4 and they are as
follows: '

"Tension cone" indicates that the insert pulled out of the concrete with a cone of
concrete,

"Tension cohe'with‘ weld failure” means that the resistance weld between the wire
loop and the"ferrule failed ¢ither on one side or on two sides and there was a tension
cone in concrete. In this case, as the load approached the ultimate, cracks developed
in the concrete and at some point, the weld failed.

"Tension cone with loop failure“ means that the wire loop failed either on one side or
on two sides and there was.a tension cone in concrete, In this case, as the load
approached the ultimate, cracks developed in the concrete and at some point, the
wire loop failed in tension.

"Shear cone" implies that.the concrete failed with a shear cone,

Bolt failure means that the bolt or the threaded stud failed in shear tests. In some

shear tests, the threaded portion of the cast-iron insert failed.

A summary of average ultimate load and the manufacturer’s recommended working
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load for cast—m—place concrete inserts is shown in Table 5. Loads have been
normahzed to correspond toa | concrete compresswe strength of 4000 psi. The
concrete strengths used in'the manufacturer’ s tests ranged from 3000 to 4100 psi. A
factor of safety, F.S.= 41, has been used for all ferrule loop inserts {(except for
Rlchmond F.5.=3:1), and'a factor of safety of 3:1 has been used for all cast-iron

* inserts (except for Rlchmond F.5.=4:1)-by the manufacturers to determine the
recommended working loads The ultimate load of i mserts versus edge distance are

; shown in Flgures 28 and 29.
“6.1.2 Test Results With Low Strength Concrete

The results of. tension and shear .tests with low strength concrete are shown in
Figures D-1 thro'ugh D-8 in Appendix D. Tabie A2 in Appendix A is the summary of
test data The compressxve strength of tested slabs ranged from 3250 to 4259. So the
average ‘ultimate Ioads were normallzed to correspond to a compressive strength of
3500 p51 and results are shown in Table 6. The ultlmate load versus edge distance is

shown in Flgures 30 'and 31.
6.1.3 ' Test Results of Inserts With Different Corrosion Protection Coatings
The'_ results of tension and shear tests on hot-dip galvanized and stainless steel ACME

ferrule loop inserts and on Dayton Superior mechanically galvanized cast iron are

shown in Figures E-1 through E-6 in Appendix E. Table 7 is the summary of the
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éverage ultimate loads normalized to 5000 psi concrete compressive strength. The
table also includes the results of the same inserts with no corrosion protection

coating,.
6.2 Results of ComBined Tension and Shear Tests

The results of combined tension and shear tests are- shown in Figures F-1 through F-
32 in Appendix F. For each insert at a spec1f1ed edge distance, the insert was loaded
to faﬂure in shear whlle the tens1on load was kept constant at approximately .25Tu,
50Tu, and .75Tu. Tu is the average ultimate tension load for the insert at the
corresponding edge distance obtained from direct tension tests, Table A-3 in
Appendix A is the summary of test data. The average ultimate shear loads were then
normalized to correspond to a compressive strength of 5000 psi. The relationships
between S/Su (S is the average ultimate shear from combined loading tests, Su is the
average ultzmate shear from direct shear tests) and T/ Tu (T is the applied tension
from combined tests, and Tu is the average ultimate tension from direct tension tests)
are shown in Figures 32 and 33. The solid line on Figure 32 represents the equation:

_ (T/Tu)‘“3 +(5/8u)*? =1 :
This is similar to equation 5.13-8; (Pu/ ®P)? +(V,/DVY*? = 1, recommended by
Prestressed Concrete Institute (PCI) (8). As shown the data are widely scattered,

however, the equatlon is close to. average for all tests.
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The solid line on Figure 33 is plotted from the equation:
(T/T)* + (S/8,) =1
It is similar to the equation listed in the AISC Steel Construction Manual (AISC) (7):

(f/F)Y + (£,/F,)* = 1. As shown, all data points are below the solid line.

6.3 Results of Direct Tension Tests of Ferrule Loop Inserts

The results of direct tension tests of ferrule loop inserts are shown in Table 8.

6.4 Results of Corrosion Tests

Eighteen 1/2-in. cast-in-place inserts, manufactured by Richmond Screw Anchor
Company, were tested for corrosion according to procedure outlined in section 5.3.5.
A summary of the test results is presented in Table 9.

By examining the test results, 1000 hours appears to be an insufficient amount of time
to observe significant amounts of corrosion on the inserts. It is recommended that the
salt spray (fog) test be carried out for substantially longer than 1000 hours. However,

due to time limitations and funding, further salt spray (fog) testing is beyond the

scope of this project.
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7. Discussion of Test Results

7.1 Direct Tension Tests

Five replicate tests were conducted at each edge distance for each insert. Ferrule loop
inserts had three' replicate tests with the wire loop oriented perpendicular to the edge
of the concrete and two with the wire loop oriented parallel. The same orientation
was applied to the Dayton Superior cast-iron insert. Test results showed that the
orientation of the loop relative to the edge of the concrete did not have much effect

on the ultimate load for all edge distances.

There was not much variation in the ultimate load for different brands of the 1/2"
ferrule loop and cast iron. The ultimate loads for 1/2" ferrule loop and cast iron were
also close. The mode of failure for 1/2" ferrule loop at 3" and 6" edge distances was
tension cone with mostly a weld failure for Dayton Superior and loop failure for

Meadow Steel and Richmond, Figure 34, and 35.
The mode of failure for 1/2" cast iron at 3" and 6" edge distance was tension cone,
Figure 36. The ultimate load changed a maximum of 27% when the edge distance

increased from 3" to 6".

The mode of failure for 1" ferrule loop at 6" and 12" edge distances was tension cone

with weld failure for Dayton Superior and loop failure for Meadow Steel, however,
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Tehision fest of 1/3% férrule loop insert at
3" edge distance with weld failure.

Figure 35. Tension test of 1/2" ferrule loop insert at
6" edge distance with loop failure.
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Figure 36a. Tension test of 1/2" cast-iron insert at
3" edge distance.

Figure 36b. Tension test of 1/2" cast-iron insert at
6" edge distance.

TO




~ Dayton Superior had a ‘hig‘her ultimate load (The 1" Dayton Superior weld strength
was about 40% more than that of Meadow 'Steel when both inserts were tested in
direct tensién). ‘The modes of failure are shown in Figures 37 and 38. The Dayton
Superior cast-iron insert had the lowest tensile load (about 40% lower than other
brands tested). The mode of failure was a tension cone. In most cases, the Burke cast-
iron insert failed at the threaded portion when tested at 12" edge distance. Different
modes of failure are shown in Figures 39, and 40. In all cases, the tension cones had a

30 to 45 degree angle with the horizontal plane.

. There was not much difference in the ulimate lead for 1" inserts (maximum 18%)
when the edge distance was increased from 6" to 12". The displacement of different
brands of cast-iron inserts at ultimate load were nearly the same (about 0.025") and
were less than that of ferrule Joop inserts. This was about 0.035" for ACME, 0.03" to
0.07" for Dayton Superior, and 0.05" to 0.1" for Richmond ferrule loop inserts. Test
results (Table 5) show that the recommended working loads by manufacturers are

conservative.
The range of the manufacturer’s ultimate tensile loads (normalized to a concrete

compressive strength of 4000 psi) is compared with the ultimate loads required by

Caltrans (Appendix H) in Table 10.
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Figure 37. Tension test of 1" ferrule loop insert at
6" edge distance with weld failure.

Figure 38. Tension test of 1" ferrule loop insert at
12" edge distance with loop failure.
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e 39.

Figure 40.

Tension test of 1" cast-iron insert at
6" edge distance.

Tension test of 1" cast-iron insert at
12" edge distance.
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7.2 Direct Shear Tests

Five replicate tests were conducted at each edge distaﬁce for each insert. Ferrule loop
inserts had three repliéafe tests with the wire loop oriented perpendicular to the edge
of the concrete and two with the wire loop oriented parallel. The same orientation
was applied to the Daytoxi Supérior cast-iron insert (other cast-iron inserts were
symmetric). Test fesults Shc;wed that the orientation of the loop relative to the edge
of the concrete did'not have mﬁch .éf_fect on the ultimate load.

The ultimate shea.rﬂ load for different brands of 1/2" ferrule loop iﬁserts and 1/2" cast-
iron inserts were élose. The ultimate load ihcreased about 40% when edge distance

increased from 3" to 6",

The mode of failure of 1/2" inserts (.ferruiélloop and cast iron) at 3" edge distance
was shear cone (Figure 41), and the 1/2" insert at 6" edge distance caused failure of
the threaded stud (ductile failure), Figure 42. In general cast-iron inserts had higher

ultimate loads than the ferrule loop inserts. -

The mode of failure of 1" inserts-at 6" edge distance was shear cone, Figure 43, and
for 1" inserts at 12'"'edge distance either shear cone or failure of the threaded portion
of the insert, Figure 44. In all cases the shear cones had about 45 degree angle with

the horizontal plane. .

Test results (Table 5) show that the working lpads recommended by manufacturers
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Figure 41. Shear test of 1/2" ferrule loop insert at
3" edge distance.

Figure 42. Shear test of 1/2" cast-iron insert at
6" edge distance.
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Figure 43. Shear test of 1" cast-iron insert at
: " 6" edge distance.

Figure 44. Shear test of 1" cast-iron insert at
12" edge distance.

T




are conservative.
7.3 Direct Tension and Direct Shear Tests With Low Strength Concrete

Only one brand of ferrule loop (Meadow Steel) and one brand of cast iron (Dayton
Superior) were tested. As expected, the ultimate loads were mostly lower than those
of 5000 psi concrete. Plots of ultimate load versus square root of concrete strength,
Figures 45 and 46, show that the variation of ultimate load as a function of \/f'c is
approximately linear. This relationship has been used throughout this project to

normalize the results.

7.4 Direct Tension and Shear Tests of Inserts With Different Corrosion Protection

Coatings

The results of very limited number of tests performed on inserts with different
corrosion protection coatings showed that the ultimate tensile and ultimate shear
capacity of hot-dip galvanized ferrule loop inserts were about 20% and 10% lower

than those of the plain insert (insert with no coating) respectively.
7.5 Combined Tension and Shear Loading Tests

The results of combined tension and shear tests were first normalized and then on a

nondimensionalized interaction curve S/Su versus T/Tu was plotted. Two interaction

8



[N
23

"Y1busi}s eAlssasdwion 91240U00) JO 100y

240NDS 'SA  pDOT sjIsus] aipwin ebousay Gy eunbi

A.o.mbﬁfmcmbm 9}240U00 JO 100y aipbhbg

o&.ow 00'SZ 000L 00S9 0009 0065 000§

HEEEEE AN AN NN RO R ENE RS NI RE NS NIRENENENNE

LYISNI 3OV Id—~NI—LSYD HONI-Z/| 65550
LY3SNI 30VId—NI=1SYD HONI—L vwvov

[TTTTETT T [T I T T T A P T v T T T I T T T T T T

00
00l
o._om_
0°0¢

00y

Nl ‘pooT] éusueL 91pwin abousay

79



'Y1busi}g ealssesdwo) 91840U00D JO 100y

e.bnbg  'sA ppOT JDBYS 21pwin 8bbusay gy o4nbidg

‘Y1busllg 91840U0D 10 100y aipnbg
0008

Lirriane

(20
i

Lo b e v e brrrrvserslerenprora it eeaain

v
GZ 0004 0069 Q0009 0065 000S

@ o Q o oo
C
v v v
-
v
\\.ﬂ\\\i\\l\\\r
v
: v
K v
v
v v

LM3SNI 3OVId—NI—1SYD HONI-Z/| 65500
IHASNI AV Id-NI—1S¥D HONI—| vvvew

FTTTRTA T T TITIATTITITAT T T I T e T e T T I T a T ToI T i T I qTd

00

<
O

0°0¢

Q0%

00

0°0G

NS ‘ppo Jpayg 21pwnin 2bousay

80



curves were developed for two different modes of failure: concrete failure and

threaded rod failure.

Along with research data, the interaction equation representing concrete strength:
(T/T) + (S/S,)*? = 1, was plotted as solid line in Figure 32. The data are widely
scattered, however, this equation seems to represent an average of the data gathered

in this research.’

In Figure 33, the interaction eqﬁation representing strength of bearing-type fasteners:
(T/T)* + (8/5,)* = 1, was plotted along with research data. It seems that all research

data points are below this equation.

From test results plotted, it is apparent that without using appropriate reduction

factors, either equation could result in an unconservative design.
7.6 Insert Teét's‘
7.6.1 Corrosion Tést

By examining the limited test results, the zinc plated, stainless steel, and galvanized
ferrule loop and cast-iron inserts showed little or no corrosion. The plain cast-iron
insert showed mild corrosion along the top surface of the insert only. The plain

ferrule loop insert was found to be mildly corroded throughout the insert (Table 9).

8l



However, 1000 hours appears to be an insufficient amount of time to observe a

significant amount of corrosion on the inserts.

7.6.2. Direct Tension Tests of Ferrule Loop Inserts

In all tests conducted on 1/2" ferrule loop inserts, the wire failed. This indicates that
the st?ength of the weld between the wire and the ferrule was adequate. However,
weld failure was observed in all 1" ferrule inserts tested. Although the weld strength
of the Meadow Steel inserts was about 40% lower than the weld strength of the
Dayton Superior, the ﬁltimate loads of the two brands of insert were very close when

tested in concrete.

The ultimate tensile loads of 1/2" inserts cast in concreté was very close fo the

* ultimate tensile capacity of the inserts when tested directly; however, the tensile
capacity of 1" ferrule loop inserts cast in concrete was much larger than the ultimate
tensile capacity of inserts when tested directly which is due to the larger ferrule

embedded into concrete.
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Appendix A, Summary of Test Data

Table A-1. Summary of Direct Tension and Direct Shear Test Data

Concrete Compressive Strength 5000 + psi

e
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IYPEE of FAILURE

#B - BOLT OR THREADED ROD FAILED

F - FIN FRILED

1 - INSERT FAILURE AT THREADS

LC - LARGE CORE {QBT 1O RING)

P - WIRE PULLED THOUGH CONCRETE
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R2 - RESISTANCE WIELD FAILED ON BOTH SI1DES OF THE INSERT
SC - SHEAR CONE
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W - BIRE FAILED EOMEMHERE WITH IN CONCRETE

Bt - INSERT WIRE FAILED ON DNE SI1DE OF THE INSERT

#2 - IHGERT WIRE FAILED OM BOTH SIDES OF THE INSERT
DIR.- DIRECTION OF INSERT WITH RESPECT TO THE CONCRETE
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Table A-2. Summaryof Direct Tension and Direct Shear Test Data

Concrete Cdmpressive Strength 3500 + psi
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Table A-3. Sﬁmmafy of Combined Loading Test Data

Concrete Compressive Strength 5000 + psi
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* SUMMARY OF TEST RESULTS FOR COMBINED SHEAR AND TENSION LOADIHG
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TYFES of FAILURE

#5 - BOLT OR THREAGED RBD FAILED

F - FIN FAILED

I - INSERT FAILURE AT THREADS

LC - LARGE CONE (DT 7O RING)

P - WIRE FULLED THOUBH CONCRETE

RI - REGISTANCE WIELD FAILED ON ONE SIDE OF THE INSERT
R2 - RESIETANCE WIELD FAILED ON BOTH SIDES OF THE INGERT
§C - SMEAR CONE

SLC - BLAR CRACK

TG - TENGION CONE

W - WIRE FATLED SOMEWHERE WITH IN COMCRETE

W1 - INSERT WIRE FAILED ON ONE SIDE OF THE INSERT

62 - INSERT WIRE FAILED DN BOTH GIDES OF THE INSERT
DIR.- DIRECTION OF INRERT WITH RESFECT T0 THE COMCRETE
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Appendix B: Plots of Load Versus Displacement of Various Cast-In-Place Concrete
Inserts from Direct Tension Tests.
Concrete Compressive Strength 5000 + psi.
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Appendix C: Plots of Load Versus Displacement of Various Cast-In-Place Concrete
Inserts from Direct Shear Tests.
Concrete Compressive Strength 5000 + psi.
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Appendix D: Plots of Load Versus Displacement of Various Cast-In-Place Concrete
Inserts from Direct Tension and Direct Shear Tests.
Concrete Compressive Strength 3500 + psi.
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Appendix E: Plots of Load Versus Displacement of Various Cast-In-Place Concrete

Inserts (with Different Corrosion Protection Coatings) from Direct
Tension and Direct Shear Tests.

Concrete Compressive Strength 5000 + psi.
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Appendix F: Plots of Load Versus Displacement of Various Cast-In-Place Concrete
Inserts from Combined Tension and Shear Tests.
Concrete Compressive Strength 5000 + psi.
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Appendix G: California Test 682, "Method for Determining Ultimate Tensile
Strength of Cast-In-Place Concrete Inserts.
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California Test 682

METHOD FOR DETERMINING ULTIMATE TENSILE STRENGTH OF
CAST-IN-PLACE CON CRETE INSERTS

A, SCOPE

This method describes the test procedure to be followed in determining the tensile
strength of cast-in-place concrete inserts.

B. TEST APPARATUS

1. A testing apparatus, similar to that shown in Figure 1, capable of
applying a tension load to a cast-in-place insert is required to perform
this test. The base of the apparatus should contact the concrete surface

the insert,

3. A hydraulic ram and pump, or suitable device capable of supplying a
constant load rate and with an ultimate capacity exceeding the expected
ultimate Ioad of the insert.

4. A load cell or load-monitoring device capable of measuring the ultimate
tensile force applied to the pull rod to within # 1% of the applied load.

5. An XY recorder, a data logger or another suitable type of data
acquisition system capable of plotting or recording load versus time at a
rate greater than ten samplings per second.

C. PREPARATiON OF TEST SPECIMENS

1. Cast-in-place insert installation
a. Position and secure the inserts to the bottom form of the concrete
test slab form using plastic setting plugs (setting plugs recess the
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insert 1/4 inch from the concrete surface) while providing
enough edge distance (minimum of ¥3 ED) and spacing between
inserts (minimum of 2 V3 ED).

b. Prior to the installation of the insert, spray the forms with a form
release agent and lubricate the internal threads of the insert with
grease.

Concrete test specimen

Fabricate an unreinforced concrete test slab having sufficient size {0
provide adequate edge distance and spacing between inserts (see C.1.a)
to be tested. Minimum slab thickness shall not be less than:

a) 8 in. or overall insert length plus 2 in. for insert stud diameters
up to and including 3 /4 in.

b) 12 in. or overall insert length plus 2 in. for insert stud diameters
greater than 3 /4 in. and up to and including 1-1/2 in.

The concrete mixture shall contain 564 pounds of "Type T Modified"
portland cement, per cubic yard, conforming to requirements in Section
90-2.01 of the Caltrans Standard Specifications. The coarse aggregate
used shall be rounded of crushed gravel or crushed rock and the
combined aggregaie gradings shall conform to the 1-inch maximum
grading in Section 90-3.04, "Combined Aggregate Grading". Admixtures
shall not be used. The slump shall be between 3 to 5 inches. Concrete
shall be cured in accordance with the provisions in Section 90-7.03

‘"Curing Structures” of the Standard Specifications. At the time of the

tension test, the concrete shall have an age of not less than 21 days and
a compressive strength of not more than 4000 psi.

' D. TEST PROCEDURE

1.

2.

4.

Calibrate the load cell.

Serew a high strength threaded rod (ASTM - A193B7) into the insert
with a minimum of one stud diameter thread engagement.

. Attach the load collar to the insert using a washer and nut and tighten

the nut according to the manufacturer's torque requirement. The
following equation, however, should be used to determine the required
torque if it is not specified by the manufacturer.

T = (2)dfy/12

where T = torque in ft-Tbs, d = nominal bolt diameter in inches, and fy
is the yield load of an A307 bolt in 1bs.

Assemble the tension apparatus directly over the insert.
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Reimove slack from the test assembly by applying a tension load of

about 5% of the estimated ultimate load of the insert/concrete system.

Apply the tension load at a rate of about 100 to 300 pounds per second
until the insert fails. The load rate should be determined based on the
stud size of the insert such that it takes over 60 seconds to reach the
ultimate load.

Record load versus time throughout the test.

SAMFPLING

1.

Test at least three cast-in-place insert specimens per insert diameter. A
satisfactory performance is obtained when all three inserts pass.
Retesting is permitted only if one out of the three inserts tested failed.
In this case 6 more of the same inserts should be tested. A satisfactory
performance is obtained when all 6 inserts pass. No further retesting is
allowed unless manufacturer has made changes in the insert design.

Any change in insert design or materials will require retesting.

REPORTING OF RESULTS
The report of test results shall include the following minimum information:

PN

0N

o

10.

11.
12
13.

Test sponsor and test agency.

Dates of testing and report.

Identification of the insert including manufacturer, type and model
number, dimensions, type of steel, type and thickness of corrosion
protection coating, and other pertinent information.

The number of test specimens tested.

Plot of load versus time for each test.

The ultimate load of the system for each test.

Photographs of the test specimen.

The concrete mix design, type and gradation of aggregates used in the
concrete, and unit weight and slump of the fresh concrete.

A physical description of the test slab including dimensions, locations of
inserts, and method of curing used.

The compressive strength of the concrete and age of the test slab on the
date of testing.

Description of the procedure followed to install the cast-in-place insert.
Hlustration/photographs of testing equipment.

A list of observers who witnessed the qualification test with the
signature and title of the person responsible for testing.
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Figure 1. SCHEMATIC OF A TENSION TESTING APPARATUS
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Appendix H: Recommended Revisions to Caltrans Standard Specifications Section
75-1.03, "Miscellaneous Bridge Metal.
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Recommended Revisions to Caltrans Standard Specifications Section
75-1.03. " Miscellaneous Bridge Metal," January 88

Miscellaneous metal shall conform to the provisions in Section 75, " Miscellaneous
Metal," of the Caltrans Standard Specifications and the following provisions for cast-in-
place anchorage devices.

- Cast-in-place anchorage devices shall be ferrule loop or cast iron type.

- All metal parts of the anchorage devices, except iron castings for cast-in-place types,
shall be fabricated from steel. Cast iron type anchorage devices shall be fabricated from
malleable iron castings conforming to the requirements of ASTM Designation: A 47,

Grade 35018, or ductile iron castings.

- All metal parts of the anchorage devices, except iron castings for cast-in-place types
and mechanical expansion types, shall be hot-dip or mechanically galvanized. Iron
castings shall be mechanically galvanized, and mechanical expansion types shail be
coated with electrodeposited zinc conforming to the requirements of ASTM
Designation: B 633.

- In corrosive environments and in environmental area III, cast-in-place anchorage
devices shall be ferrule loop type fabricated from stainless steel conforming to the

requirements of ASTM Designation: A 276 Type 304 or 316.
Cast-in-place type anchorage devices shall, when installed in accordance with the

manufacturer’s instructions and these specifications, and tested in accordance with
California Test 682 in concrete with a maximum compressive strength of 4000 psi,

withstand the minimum ultimate tensile load of:

Anchorage Device |Ultimate Tensile Load, 1b
Stud Diameter
(inch) Cast-Iron | Ferrule Loop

1 18800 18500
7/8 16600 18500
3/4 12600 8300
5/8 2000 8300
1/2 5200 6900

All concrete anchorage devices shall be subject to the approval of the Engineer. Approval
of anchorage device types and sizes shall be contingent upon the Contractor submitting
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to the Engineer sample concrete anchorage devices, manufacturer’'s installation
instructions, and certified results of tests, either by a private testing laboratory or the
manufacturer, indicating compliance with the above requirements. Anchorage devices
previously tested and found to be in compliance with the above requirements and
approved by the Engineer need not be retested.

Cast-in-place anchorage devices shall be installed according to the following torque

" chart:
Anchorage Device | Installation
Stud Diameter Torque
(inch) (Ib-ft.)
1-1/4 700
1 350
7/8 230
3/4 150
5/8 80
1/2 40
3/8. 17
1/4 4
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